We report on OVRO, WISE, Swift and Fermi-LAT observations of the high redshift blazar CGRaBS J0733+0456, from which significant variability in radio, infrared (IR) as well as γ-ray domains are detected. Particularly, the amplitude of long-term IR variation is over one order of magnitude and the IR variability timescale is constrained as short as a few hours in the source frame. The IR and γ-ray light curves are found to be rather similar. This is the first time to identify a γ−ray blazar at redshift z ≥ 3 with multi-wavelength flux variations (flares). Broadband spectral energy distributions at different flux states are constructed and theoretically described. The γ−ray flares from some blazars as distant as redshift ∼ 5 are expected to be detectable for Fermi-LAT.
INTRODUCTION
Blazars, including flat-spectrum radio quasars (FS-RQs) and BL Lacertae objects (BL Lacs), are an extreme subclass of Active Galactic Nuclei (AGNs). Their strong relativistic jets are beamed toward the observer, highly variable non-thermal jet emissions are overwhelming (Blandford & Rees 1978; Wagner & Witzel 1995; Ulrich et al. 1997) . The luminous jet emission is characterized by a universal two-bump structure in logνFν-logν plot, where one is believed to be synchrotron emission while the other one extending to γ-ray domain is usually explained as inverse Compton (IC) scattering of soft photons from either inside (the synchrotron self-Compton, or SSC) and/or outside of the jet (external Compton, or EC) by the same population of relativistic electrons that generate the synchrotron emission (e.g., Maraschi et al. 1992; Dermer & Schlickeiser 1993; Sikora et al. 1994; B lażejowski et al. 2000) . Meanwhile, the detection of high energy neutrinos coincident with high energy γ-ray flares in TXS 0506+056 suggests that at least in some cases hadronic processes also work (IceCube Collaboration et al. 2018 ). Blazars at high redshifts, harboring supermassive black holes (SMBHs) heavier than one billion solar masses (Romani et al. 2004; Ghisellini et al. 2010) , are valuable targets since they shed lights on the formation and growth of the first generation of super massive black holes (SMBHs) and on evolutions of AGN jets across different cosmic times (e.g., Volonteri 2010) .
Benefiting from all sky surveyors, like Fermi-LAT (Atwood et al. 2009 ) and WISE (Wright et al. 2010; Mainzer et al. 2014) , along with complementary observations from radio to X-rays, multi-wavelength campaigns become a regular approach to investigate the physical mechanism of blazars. In particular, in addition to scanning in every a half year in mid-IR band at 3.4µm (W1) and 4.6µm (W2), WISE also provides about one dozen of exposures within 1-2 days in each epoch. Thus, it provides a chance for the mid-IR investigation in both long-term and intraday variability (Jiang et al. 2012; Jiang 2018; Mao et al. 2018) . Correlations between γray emission of blazars and those in other windows of electromagnetic radiation have been frequently detected (e.g., Abdo et al. 2010; Liao et al. 2014) . Meanwhile, considering the relatively limited angular resolution of the γ-ray observation, the correlated variations are essential to pin down the association between the γ-ray source and its low-energy counterpart (e.g., Liao et al. 2016) . However, at high redshift regime (i.e. z > 3), such crucial information are still lacking (Ackermann et al. 2017; Liao et al. 2018) .
CGRaBS J0733+0456, first known as a radio emitter (Griffith et al. 1995) , stands out for large-amplitude MIR variabilities during the systematical study of WISE flare sources (Wang et al in preparation) . Then it is identified as a high redshift quasar at z = 3.01 (Healey et al. 2008) . Significant variability in radio band has been detected (Gorshkov et al. 2008) , and it is suggested as a blazar candidate (Massaro et al. 2009 ). Interestingly, a γ-ray source cospatial with CGRaBS J0733+0456, FL8Y J0733.8+0455, is included in the preliminary Fermi-LAT 8-year Point Source List (FL8Y 1 ). In this Letter, multiwavelength data of CGRaBS J0733+0456 are collected and analyzed, and its broadband variability properties are reported (Section 2), along with some discussions (Section 3). We adopt a ΛCDM cosmology with Ω M = 0.3, Ω Λ = 0.7, and a Hubble constant of H 0 = 70 km −1 s −1 Mpc −1 .
DATA ANALYSIS AND RESULTS

Fermi-LAT Data
We select the first 10-year (MJD 54683−58335) SOURCE type F ermi-LAT Pass 8 data (evclass = 128 and evtype = 3) with the energy range of 0.1 − 500 GeV. The analysis is carried out with the updated Fermi Science Tools package of version v11r5p3. The data filtration is accomplished with gtselect and gtmktime tasks, by adopting a maximum zenith angle of 90 • and "DATA QUAL > 0" & "LAT CONFIG==1". γ-ray flux and spectrum are extracted by the gtlike task with unbinned likelihood algorithm. The test statistic (TS = 2∆logL, Mattox et al. 1996 ) is adopted to quantify the significance of a γ-ray detection, where L represents the likelihood function, between models with and without the source. All FL8Y sources within 15 • of FL8Y J0733.8+0455 have been considered. Only parameters of background sources within 10 • of the target as well as two diffuse templates are left free, whereas others are frozen to be FL8Y values. After the gtlike analysis, any new γ-ray sources (i.e TS > 25) emerged in the subsequently generated TS residual map are added into the updated background model and the likelihood fitting is re-performed. In the temporal analysis, we remove weak background sources from the model if their TS values are below 10. When TS value of one source is smaller than 10, the pyLikelihood UpperLimits tool has been 1 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/fl8y/ adopted to calculate the 95% confidential level (C. L.) upper limit instead.
First, the analysis of the entire 10-year LAT data suggests a new γ-ray source not included in FL8Y. Its TS value is 89 with an optimized γ-ray location of R.A. 118.51 • and DEC. 9.38 • (95% C. L. error radius of 0.09 • ), likely associated with a flat spectrum radio source PMN J0753+0924 (Griffith et al. 1995) . After updating the background model, we confirm that FL8Y J0733.8+0455 is a significant (TS = 311) γ-ray source. Our analysis gives a 10-year averaged flux of (1.65 ± 0.17)×10 −8 ph cm −2 s −1 with the pow-law index of 2.51±0.06 (i.e. dN/dE ∝ E −Γ , where Γ is the photon index), which are in agreement with those reported in FL8Y. Following localization analysis also confirms that CGRaBS J0733+0456 is the only known blazar candiate within the 95% C. L. of γ-ray error radius.
We extract a half-year time bin γ-ray light curve, see Figure 1 . The target is undetectable (TS < 4) for Fermi-LAT until Feb. 2013, which explains its absence in the third Fermi-LAT AGN catalog (3LAC, . Since then, followed by a two years period of moderate flux state, a strong γ-ray flare appeared, with peaking flux roughly three times of the 10-year averaged flux. The target was undetectable after the flare, then a mild γ-ray activity occurred in 2017. A bright γray source, FL8Y J0739.2+0137, is nearby (3.6 • away). Therefore a light curve of the neighbor is also extracted to check its influence on the target light curve, see Figure  2 . Though these two sources peaks at the same bin in the half-year time bin light curves, the strong flare of the target is still significant in >300 MeV (68% C. L. containment angle of about 3 • ) light curve, suggesting that it is not artificial caused by the neighbor. Furthermore, 10day time bin γ-ray light curves are also extracted, and the separation of the peaking times of the two sources is about 100 days, which establishes the association of the strong flare with CGRaBS J0733+0456, also see Figure  2 . Although the limited statistics hampers us to search for short-term γ−ray variability, in contrast with the first 4.5-yr 95% C. L. upper limit, 4×10 −9 ph cm −2 s −1 , the 10-day peaking flux of CGRaBS J0733+0456 reaches (1.3 ± 0.4)×10 −7 ph cm −2 s −1 with a pow-law index of 2.10±0.17, suggesting a significant long-term γ-ray variability. The peak γ-ray luminosity is (1.2 ± 0.4) × 10 49 erg s −1 . Possible spectral hardening is found compared to the 10-year averaged result.
Swift Data
The Neil Gehrels Swift Observatory (Gehrels et al. 2004 ) observed (ObsID: 00036786001) to CGRaBS J0733+0456 in Dec. 2007. The XRT photon counting mode data and the UVOT UVW2 image are analyzed by the FTOOLS software version 6.22.1. For the XRT data, initially, event cleaning with the xrtpipeline using standard quality cuts is performed. Then the source spectra are extracted with xselect from a circular region with a radius of 20 pixels while the background one is from a larger circle (i.e. 50 pixels) in a blank area. To facilitate the spectral analysis, we produce the ancillary response file taken from the CALDB database with xrtmkarf. The grouped spectra are demanded to have at least 1 count per bin using the cstat approach. Since there are only 19 net photons, the absorption column density is set as the Galactic value (i.e. 7.5 20 cm −2 ) and the spectral power-law index is frozen as 1.5 which is typical among high redshift blazars (e.g., Wu et al. 2013) , giving an unabsorbed 0.5-10.0 keV flux of 8.4/18) . For the UVW2 image, an aperture photometry, using uvotsource with a 5 arcsec circular aperture together with a background extraction in a larger source-free region, yields no significant excess toward the target.
WISE Data
The mid-IR photometric data of CGRaBS J0733+0456 are collected from the ALLWISE and NEOWISE data release. The long-term light curves are presented in Figure 1 . A total of nine epochs photometry from the WISE/NEOWISE database are extracted, marked as E1, E2 (from ALLWISE), E3..., E9 (from NEOWISE) 2 , zoomed in Figure 3 . In order to check the long term variations, the median magnitude values of W1 and W2 bands in each epoch are calculated 3 . The fluxes are in low state during the first two epochs in 2010. There was a giant mid-IR flare in 2015, the flux peaked is at E4 epoch (MJD∼57118, 2015-4-6) , which W1 (W2) band photometry is 13.19 (12.07) mag. It is 3.0 (3.5) mag in W1 (W2) band brighter than the low-flux state in E1 and E2 epoch.
In short-term, there were ∼10 exposures within ∼1 day in each epoch. Only the best-quality single-frame images ('qual f rame' > 0.5) are selected. In most of the singe exposure photometries in E1 and E2 epoch, the S/N are too low and only upper limits are given. We adopt the χ 2 -statistic to check whether there are shortterm variations in other epochs with a null hypothesis of no variable flux. Significant intraday variations in W1 band were detected in E4, E5, E8 and E9 epochs (reduced χ 2 > 2). Particularly, intraday variations were also detected in W2 band in E4, E5 and E9 epochs. The cross correlations between W1 and W2 band in E4, E5 and E9 epochs are then calculated. Significant cross correlations are detected in E4 and E5 epoch, the cross correlation factor is 0.73 in E4 epoch and 0.65 in E5 epoch. No significant cross correlation is detected in E9 epoch. The intraday variabilities are then estimated in those epochs, following our previous works (e.g., Ai et al. 2010; Jiang et al. 2012) . The W1 band variability amplitude is 0.09, 0.08, 0.10 and 0.20 magnitude, respectively, in E4, E5, E8 and E9 epochs. The W2 band variability amplitude is 0.09, 0.05, and 0.16 magnitude, respectively, in E4, E5, and E9 epochs. The variability confidence in W1 band is 5.0, 3.0, 2.4, and 4.2σ, respectively, in E4, E5, E8 and E9 epochs. While in W2 band it is 4.3, 2.4, and 2.4σ, respectively, in E4, E5, and E9 epoch. The power spectrum density in E4 is then calculated. Roughly, the timescale of the intraday variabilities is 3∼4 hours in rest frame, estimated from the PSD.
OVRO light curve
CGRaBS J0733+0456 was included in the Owens Valley Radio Observatory (OVRO) 40 m telescope monitoring program 4 . This program started in since 2007 and encompasses over 1800 objects that are mainly from the CGRaBS survey (Healey et al. 2008 ). The radio light curves are well sampled with observations for each source occurring twice per week, at a frequency of 15 GHz (Richards et al. 2011 ). Significant radio variability of CGRaBS J0733+0456 displays in the OVRO light curve, see Figure 1 . It maintains at a low radio flux state ( 0.4 Jy) before 2013. Since then the flux is doubled after a two years ascent phase and keeps in a high radio flux state until now.
Implication of multi-wavelength variability
Significant variability in radio, mid-IR (shifted to near-IR in the source frame) as well as γ rays have been detected for CGRaBS J0733+0456. Especially, IR emissions at epoch E5 is over 15 times of those at epoch E1, strongly suggesting that the jet emission was domi-nated then. Moreover, the IR and γ-ray light curves are rather similar, including a quiescent period at early time of Fermi-LAT operation, a strong flare event in 2015 as well as a mild activity in 2017. In fact, a tight connection between emissions from low-energy frequencies (i.e. optical and near-IR bands) and γ rays of FSRQs are widely accepted thanks to the detections of simultaneous flares at the corresponding wavelengths (e.g., Bonning et al. 2012 ) and significant variation of optical polarization properties during a giant γ-ray flare (e.g., Abdo et al. 2010) . Therefore, cospatiality of these two emissions are suggested and the leptonic processes likely play an important role in generating of γ-ray emission, which are further supported by CGRaBS J0733+0456. By contrast, the radio variation is moderate since it is likely from a more extended region than the near-IR and γ-ray bands. Nevertheless, the beginning of the radio ascent phase is coincident with "emergence" of the γ-ray emission. Meanwhile, the radio maintains at the high flux state up to now because the corresponding electrons cooled much slowly than that generate the near-IR and γ−ray flares. Based on the consistent multiwavelength light curves, we conclude that CGRaBS J0733+0456 is the low-energy counterpart of FL8Y J0733.8+0455.
In short-term, intraday IR variability is identified, in which the variability timescale is constrained as short as 4 hours. Therefore a compact radiation region is inferred, R j δct var,IR ∼ 10 16 cm δ 30 t var,IR 4 hrs ,
where δ is the Doppler factor, c is speed of the light. Such a deduction is also supported by the detections of fast γ-ray variability of FSRQs (e.g., Dondi & Ghisellini 1995; Begelman et al. 2008; Foschini et al. 2011; Liao 2018) . Sometimes the γ-ray variability timescale could be down to a few minutes (Aleksić et al. 2011; Ackermann et al. 2016) . Assuming near-IR and γ-ray photons of CGRaBS J0733+0456 are from the same region, to successfully escape from heavy absorption on γ rays via γγ process, a lower limit of the Doppler factor can be obtained. The highest energy of the detected γ-ray photon is about 10 GeV while the absorption soft photons could be from the jet itself and the accretion system externally. In the former case, if we set the observed luminosity of soft photons (at a few keV) as 5 × 10 46 erg s −1 since there is no simultaneous X-ray observations here, and the radius of the γ-ray radiation region is as same as the absorption length, δ 10 is given. Alternatively, little information of the external absorption photons at several tens of eVs is acquired, which prevents us to set a reliable constraint on the Doppler factor.
DISCUSSION AND SUMMARY
There are only two γ-ray sources marked as blazars beyond redshift 3 in the 3LAC . Fortunately, the number of such sources is increasing. Recently, detections of γ-ray emission of five new blazars with z > 3.1 have been claimed, with the highest redshift of 4.3 (Ackermann et al. 2017) . Meanwhile, besides CGRaBS J0733+0456, there is other one listed in FL8Y, FL8Y J1429.7+5407 (GB6 B1427+5419, z=3.03, Mooney et al. 2018) . Additional candidates/sources include GB6 B1427+5149 at z = 3.03 (Mooney et al. 2018) and B3 1428+422 at z = 4.72 , the farthest object among the 105 month Swify-BAT all sky hard X-ray survey (Oh et al. 2018 ). However, the identification of these high redshift γ-ray blazar candidates are based on the cospatiality between the γ-ray sources and the low-energy counterparts. Ackermann et al. (2017) presents broadband spectral energy distributions (SEDs) of their five sources and argues that they share a typical FSRQ shape, but majority of their multiwavelength data are un-simultaneous. Though strong optical and γ-ray flares of NVSS J163547+362930 (z = 3.6) are identified , these flares appearred at different times. The successful detection of the simultaneous IR and γ−ray flares ranks CGRaBS J0733+0456 as the first unambiguously identified γ-ray blazar beyond redshift 3. The broadband activities of CGRaBS J0733+0456 also confirm violent behaviors detected from other high redshift blazars (e.g., Akyuz et al. 2013; Orienti et al. 2014; Abdo et al. 2015; . Therefore, though high redshift blazars tend to be weak and spectrally soft γ-ray sources, the detection prospect can be significantly enhanced in the presence of the energetic flares.
Broadband SEDs of CGRaBS J0733+0456 are shown in Figure 4 . Un-simultaneous multi-wavelength data include radio flux densities obtained from NED, stack fiveband magnitudes from the first data release from the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS, Chambers et al. 2016; Flewelling et al. 2016) as well as the X-ray estimation from Swift-XRT analyzed here. Meanwhile, the OVRO data at MJD 55486, WISE observations at MJD 55487 and the first 4.5-yr Fermi-LAT 95 C.L. upper limit represent the low flux state SED, while OVRO data at MJD 57114, WISE observations at MJD 57119 and a half-yr averaged Fermi-LAT γ-ray spectrum centered at MJD 57148 correspond to the high flux state SED. In addition to the remarkable IR variability amplitude, the IR spectra are also variable, indicating that the synchrotron bump peaks at higher frequencies during the flaring epoch. The Pan-STARRS and the E2 WISE data are extracted by the emission from a standard Shakura & Sunyaev (1973) disk. The accretion disk extends from 3R s to 2000R s , where R s is the Schwarzschild radius, and produces a total luminosity L d = ηṀ c 2 in whichṀ is the accretion rate and the accretion efficiency η is set as a typical value, 0.1. The accretion disk emission exhibits a multi-temperature radial profile, and the local temperature at a certain radius R d is,
Meanwhile, a simple homogeneous one-zone leptonic scenario (more details see Liao et al. 2014 ) is adopted to describe the jet emission which is from a relativistic compact blob with a radius of R j embedded in the magnetic field. The emitting electrons follow a broken power-law distribution, and both synchrotron and IC processes are considered. Since EC is mainly responsible for generation of γ rays in FSRQs and the jet energy dissipation of CGRaBS J0733+0456 might locate near the broad line region (BLR), assuming a conical jet geometry and R BLR ∼ 0.1 pc (Tavecchio et al. 2010) , Lyα line emission is adopted as the external soft photons. The transformations of frequency and luminosity between the jet frame and the observational frame are ν = δν /(1 + z) and νLν = δ 4 ν L ν . The simple leptonic model can provide acceptable descriptions of both SEDs (see Figure 4 ), though there are only a little information for the low flux state. The input parameters of the jet radiation models are listed in Table 1 , which are in agreement with SED modeling studies for high redshift blazars (e.g., Ghisellini et al. 2011; An & Romani 2018) . A significant increase of the Doppler factor might caused by ejecta of a new jet blob could account for the multi-wavelength flares of CGRaBS J0733+0456. In summary, we present a broadband temporal view of the high redshift blazar CGRaBS J0733+0456. Significant radio, IR and γ-ray variability is identified. In particular, violent long-term IR variability with amplitude over one order of magnitude and intraday IR variations with variability timescale down to a few hours have been detected. Moreover, the IR and γ-ray light curves share a rather similar shape, which provides a decisive proof of the association between CGRaBS J0733+0456 and FL8Y J0733.8+0455. Broadband quasi-simultaneous SEDs correspond to different flux states can be well represent by the homogeneous one-zone leptonic radiation scenario. If similar strong activities occur in blazar candiates beyond redshift 5 (Romani et al. 2004; Sbarrato et al. 2012; Ghisellini et al. 2014; Yi et al. 2014 ), detection of their γ-ray emissions are expected. Quiescent state 2.2 5.0 520 3.3 × 10 4 1 10 8 × 10 16
Note-p1,2 are the indexes of the broken power-law radiative electron distribution; γ br is the break energy of the electron distribution; K is the normalization of the particle number density; B is the magnetic field strength; δ is the Doppler boosting factor and R j is the radius of the emission blob. The minimum and maximum energies of the electrons are set as 100 and 10 times of the γ br , respectively. The energy density of the Lyα line emission emission is set as 8 × 10 −4 erg cm −3
